Objective: To optimize the results of low-volume (LV) centers for hepatopancreaticobiliary (HPB) surgery. Background: High-volume (HV) centers for HPB surgery have lower mortality than LV. Strategies for collaboration between HV and LV centers are not well investigated. Methods: Postoperative outcomes of patients undergoing curative HPB resection were evaluated at an LV hospital before (2006)(2007)(2008) and during the collaboration (2009)(2010)(2011)(2012) and at 2 hospitals with HV for either liver or pancreatic resection (2009)(2010)(2011)(2012). Itinerant tutor surgeons from the HV centers were involved in the pre-, intra-and postoperative course of HPB patients at the LV hospital. Results: HPB cases at the LV center increased from 18 to 40 patients per year from 2006 to 2012, whereas 6-month postoperative mortality decreased from 17.8% (2006)(2007)(2008) to 6% (2009-2012), P < 0.05 (liver: 10.3% vs 4.7% and pancreas: 29.4% vs 7.9%). During the collaborative study period, outcomes for hepatectomy were similar for LV and HV (85 vs 507 cases): postoperative Clavien-Dindo scores 4 and 5 were 2% and 0.2% for HV versus 2.4% and 1.2% for LV, respectively. Outcomes for pancreatic procedures (LV 63 vs HV 269 cases) showed better postoperative Clavien-Dindo scores 4 and 5 in the HV (0.7% score 4 and 1.5% score 5 for HV vs 3.2% and 6.3%, respectively, for LV) but the difference disappeared in the last 2 years (2011-2012) and matching the cases. Conclusions: Our partnership model helped improve postoperative outcomes at the LV center. Results at the LV hospital were comparable with the HV centers, although 2 years of partnership were required to achieve this in pancreatic surgery.
complications. [4] [5] [6] However, referral of patients to HV centers may not always be possible, with obstacles including systems of local and regional health care organization, opposition from medical staff, and the reluctance of patients. 7, 8 This centralization of surgical services to HV centers, sometimes known as the hub-and-spoke model, may also have disadvantages such as longer waiting times for surgery. 9 Moreover, the comparative impact of hospital versus individual surgeon volume on outcomes still remains to be established. 10 However, a hub-and-spoke type of model can involve strategies other than just the transfer of patients to a HV tertiary center. For example, more effective collaboration between hospitals may be achieved through HV center itinerant tutor surgeons partnering with surgical colleagues at LV centers. The possible role of itinerant surgeons has been discussed before, but the general belief that postoperative care is best provided by the operating surgeon has limited adoption of this approach. 11, 12 Since 2009, surgical departments at 3 hospitals in northern Italy have partnered together to assess the potential benefits of this type of approach in HPB surgery. This involved itinerant tutor surgeons from 2 HV centers being involved in the pre-, intra-, and postoperative course of HPB patients at a LV hospital. The results of this surgical strategy are reported.
PATIENTS AND METHODS
The aim of this study was to prospectively evaluate postoperative outcomes for patients undergoing radical HPB procedures at a hospital with an LV of HPB surgery (Infermi Hospital, Rimini) and 2 hospitals with HVs of HPB surgery (S. Orsola-Malpighi Hospital, Bologna for liver surgery and Humanitas Hospital, Milan for pancreatic surgery). From 2006 to 2012, all consecutive patients referred for curative liver or pancreatic resection at the LV hospital were evaluated for inclusion in the study. From 2009 to 2012, the same criteria were applied to all consecutive patients referred to the HV hospitals for liver resection (Bologna) or pancreatic resection (Milan) . No patients were excluded from the study by the preoperative clinical selection criteria, but patients undergoing explorative laparotomy or palliative procedures due to overstaging of liver or pancreatic disease were not included. Independent Ethics Committees at the hospitals involved approved the study protocol. All patients provided informed consent
The cornerstone of our model was the collaboration between HPB surgeons from the HV Bologna (approximately 150-200 liver procedures per year) and Milan (approximately 70-100 pancreatic resections per year) hospitals and surgical colleagues at the LV hospital in Rimini, a large hospital serving a population of around 355,000 people performing around 1500 abdominal surgical procedures per year.
The HV tutor surgeons all had previous experience of teaching and collaboration with less experienced surgeons and were involved surgeons via e-mail and telephone and by multidisciplinary conference calls for more complex cases. These discussions included evaluating patient suitability for surgery and assessment of radiological imaging in some cases. Any patient whose surgery was considered too complex for the LV hospital was transferred to the relevant HV hospital. HV surgeons assisted during the surgical procedure at the LV hospital, either as operating surgeon or by assisting the local surgeon, depending upon the technical complexity of the case. Frequent e-mail and telephone contact was maintained between LV and HV center surgeons for the postoperative management of patients, in particular with regard to any decisions over the treatment of complications.
Study Objectives
The primary objectives of the study were to compare postoperative outcomes after HPB surgery at the LV hospital before (2006) (2007) (2008) and after the collaboration (2009) (2010) (2011) (2012) , and to compare outcomes at the LV hospital with those at the HV hospitals during the collaboration.
In addition to comparing procedures and outcomes across all patients at the LV and HV centers, we also selectively matched patients at each of the HV hospitals (in a 2:1 ratio) with those at the LV center, according to demographic features (sex and age), preoperative diagnosis, and type of procedures. Mortality rate after 6 months was calculated to include in-hospital and all early deaths (possibly related to unnecessary operations). Postoperative outcomes were evaluated using the Clavien-Dindo classification of surgical complications for liver and pancreatic resections and the International Study Group on Pancreatic Fistula definitions for pancreatic resections only. 13, 14 Further details on methods are reported in the supplementary material section.
RESULTS
The numbers of liver and pancreatic resections undertaken at the LV hospital were, respectively, 29 and 17 before (2006) (2007) (2008) and 85 and 63 during the partnership (2009-2012). The HV liver and pancreatic centers operated on 507 and 269 patients, respectively, numbers similar to those before the partnership. During the collaboration, 18 liver disease and 9 pancreatic disease patients were referred from the LV center to HV centers. No significant differences in patient characteristics were seen between patients operated on at the LV center compared with those undergoing surgery at the HV centers. 
HPB Procedures and Outcomes at the LV Center
The annual number of HPB surgeries at the LV center approximately doubled during the partnership, from 18 in 2006 to 40 in 2012 ( Fig. 1 ). Indications for surgery and surgical procedures were generally similar at the LV center before and after collaboration. However, there was a significantly lower occurrence of liver resection for benign lesions and an increase in liver-sparing procedures after the partnership (Table 1 ). Among patients with pancreatic disease, 3 patients with endocrine tumor and 3 with pancreatic pseudocysts underwent surgery during the collaboration compared with none before, and there was a trend toward less total pancreatectomy and more frequent distal laparoscopic pancreatectomy ( Table 1) .
The hospital and the 6-month mortality rate improved after the partnership and during the collaboration period for both liver and pancreatic procedures, even if with different range of improvement ( Table 2 ). The overall, postoperative mortality at 6 months decreased significantly during the partnership period, from 17.8% (2006-2008) to 6% (2009-2012) (P < 0.05). Survival progressively improved during the collaboration, with mortality of 9.5% during the first 2 years (2009-2010) compared with 3.5% during 2011-2012. The reoperation rate was not significantly reduced from 11% to 8% but decreased to 4.7% in the last 2 years. Differently from the liver surgery where the reoperation rate decreased, for the pancreatic procedures the reoperation rate did not change ( Table 2 ) such as the rate of pancreatic fistula score B or C according to International Study Group on Pancreatic Fistula (ISPGPF) classification (5.9% before vs 7.9% after the partnership). Length of hospital stay was shorter in the collaborative period than before, decreasing from a median of 10 to 7 days for liver procedures and from 14 to 11 days for pancreatic procedures, although neither change reached statistical significance. In addition, blood transfusion volumes were significantly reduced in the last 2 years (mean ± SD of 60 ± 250 mL vs 250 ± 520 mL, P < 0.01). Median operation time slightly increased during the partnership (300 vs 270 minutes) although this was not significant.
Comparisons of the LV Center With HV Centers During the Collaboration Liver Surgery
Compared with the LV center, there was a higher rate of patients with hepatocellular carcinoma (HCC) in cirrhosis (32% vs 19%, P < 0.05) and cholangiocarcinoma (15% vs 5%, P < 0.05), and more complex liver resections were performed (>2 segments: 31% vs 13%, P < 0.01).
Postoperative outcomes were comparable with regard to major complications (Clavien-Dindo scores 4 or 5), even after the HV center patients were matched according to the complexity of cases (Table 3) . However, patients with Clavien-Dindo score 3 complications needing invasive procedures such as drainage collection were significantly more frequent in the HV center; this difference was still apparent after the cases were matched ( Table 3 ). The rate of biliary fistula (2%-5%), reoperation (3%), and septic infection (4%-5%) were similar at both the HV and LV centers. Length of hospital stay and blood transfusion volumes were also comparable, but median operation time was shorter at the HV center (215 vs 270 minutes, P < 0.05).
Pancreatic Surgery
Rates of pancreatectomy because of endocrine pancreatic tumor were twice as high at the HV as the LV center (11% vs 5%) but this difference was not statistically significant. Rates of other preoperative diagnoses were similar. Total pancreatectomy rate was significantly lower at the HV center (5% vs 19%, P < 0.001).
Postoperative outcomes showed a higher rate of patients with Clavien-Dindo score 5 at the LV center (6.3% vs 1.5%, P < 0.05) ( Table 4 ). However, this difference disappeared after the HV center cases were matched. Furthermore, Clavien-Dindo score 5 rates decreased to 2.8% at the LV center during the last 2 years of the study. The rate of pancreatic fistula score B or C according to ISPGPF classification was 8% at the LV center and 13% at the HV center, although this difference was not statistically significant. The reoperation rate was higher at the LV center (14% vs 5% at the HV center, P < 0.05), although rates at the LV hospital decreased year on year and were similar to those at the HV center by the last study year (27% in 2009, 17% in 2010, 13% in 2011, and 5% in 2012). Median length of hospital stay, transfusion rate, and median operation time (close to 6 hours) were comparable.
DISCUSSION
Our study showed that collaborative efforts between centers with low and high HPB surgical volume resulted in a significant ‡Two deaths due to late postoperative intra-abdominal bleeding due to pancreatic fistula; 1 death due to respiratory failure; 1 death due to sepsis secondary to pancreatic fistula.
§1 deaths due to late postoperative intra-abdominal bleeding due to pancreatic fistula; 1 death due to respiratory failure; 1 death due to sepsis secondary to pancreatic fistula; 1 death due to intestinal bleeding secondary to pancreatic fistula. improvement in outcomes at the LV hospital, which achieved results similar to those of the HV centers.
Mortality at 6 months postsurgery was significantly reduced at the LV hospital, which can be attributed to the following reasons: (a) improved patient selection, with safer surgery being planned and fewer unnecessary operations (Table 1) ; (b) better surgical technique with lower rate of postoperative complication and need of reoperations (Table 2) ; (c) more appropriate management of the postoperative complications (eg, the rate of pancreatic fistula were not different, but the mortality related to this complication was significantly reduced).
An example of the better selection were liver resections for benign tumors (less frequent in the partnership era), as the surgery for patients with poor prognosis, illustrated by the reduced in-hospital and early mortality. This improvement was not a consequence of the type of surgical procedures performed being simpler. Nor was it due to the exclusion of more complex surgeries, even if a few technically demanding procedures, such as biliary reconstruction in Klatskin tumor or pancreatic tumor invading the portal vein, were referred to the HV centers, which maintained their specific role of tertiary center for selected cases.
One factor in the increase in the number of procedures at the LV hospital during the partnership may have been the reevaluation of some cases by HV surgeons, such that patients who may have previously been considered unsuitable for surgery were operated on after the collaboration started. An example of this are patients with HCC in cirrhosis, where the surgical therapeutic algorithm (transplantation vs liver resection vs other treatments) is extremely complex and involves taking into consideration many clinical and tumor variables. 2, 15, 16 More of these patients were selected for surgery during the collaboration, whereas others were referred for liver transplantation or nonsurgical treatments.
Postoperative outcomes also improved due to improved choice of surgical procedure, such as more frequent liver-sparing procedures and fewer total pancreatectomies, probably due to a more confident attitude toward the pancreatic anastomosis. In addition, the active involvement of HV center surgeons during surgery may have contributed to better postoperative results. This interpretation is favored by the significant reductions in blood transfusion requirements and the lower rate of reoperations observed.
Staff at both the LV and HV hospitals benefited from the partnership. At the LV center, surgeons involved in the operations as well as other physicians who were involved in pre-and postoperative patient care were gratified by the improved knowledge and skills that the partnership offered. The relationship was also positive from the perspective of the HV centers, because, although there was no overall reduction in the numbers of patients seen, there were increased opportunities to conduct more complex procedures for patients referred from LV centers. HV surgeons were also gratified by the teaching aspects of the approach and the opportunities for regular case discussion, which were considered advantageous from a career perspective, with the benefits outweighing any inconvenience associated with the frequent travel between centers.
Patient experience was also extremely favorable, because they were informed of the surgical collaboration and they generally perceived their care as being of high quality with the partnership between hospitals being regarded as an opportunity for improved treatment without any of the additional inconvenience associated with being referred to more distant specialist centers. This aspect was also very important for families, who were able to avoid the difficulties and costs involved in regular visits to hospitals further afield during the postoperative course. Greater proximity of the LV hospital to patients' homes may also help encourage earlier discharge.
Although our experience was generally positive, there are some possible criticisms of the strategy. In particular, postopera-tive outcomes for pancreatic procedures at the LV hospital were only comparable with those at the HV center after 2 years of collaboration. However, these data are in accordance with previous experience suggesting outcomes are more closely related to surgical volume in pancreatic than liver resection, with a correlation observed between mortality and surgeon volume for pancreatic procedures but not liver surgery. 10 Thus, our experience showed that it was possible to obtain similar postoperative outcomes for liver procedures immediately on commencing collaboration, whereas a learning curve of 2 years was necessary for the LV center to achieve comparable results as the HV center in pancreatic resections, different from previously reported results from Italy. 17 However, even in this context, mortality after pancreatic surgery during the first 2 years of partnership was acceptable and much reduced compared to the period before the collaboration.
One possible weak point of the proposed partnership model may have been the management of postoperative complications and in particular the perceived need for reoperation. For example, the LV and HV centers for pancreatic procedures had comparable occurrences of severe pancreatic fistula during the collaboration but there was a higher rate of reoperation at the LV hospital. This difference might be explained by increased concern over the possibility of severe postoperative bleeding or septic events at the LV center. However, there were typically daily discussions between LV and HV center staff regarding the postsurgical course of patients, which involved reaching agreement on the management of any postoperative complications. The LV center had the radiological expertise for drain collection and pancreatic artery embolization as well as the multidisciplinary medical staff to manage organ dysfunction. These expertise may be present only in large hospital and they are the basis for the partnership, which may not be started in all the peripheral hospitals.
Moreover, the distance between centers was not that great (around 120 km for Bologna to Rimini, although more than 300 km for Milan to Rimini) and emergency collaboration was possible for some reoperations, thereby overcoming previous criticisms of inadequate follow-up of patients by itinerant surgeons. 11, 12 The collaborative approach that we have investigated at our hospitals is just one potential organizational strategy. Other alternatives include centralization of services with all surgeries being conducted at the HV center or to second an expert surgeon from the HV to the LV center. However, these options also have limitations, including increased HV center activity resulting in longer surgical waiting times and increased costs associated with less complex procedures (because the difference in cost between a simple and complex case is minimal). Moreover, this may be accompanied by loss of knowledge and experience at the LV center, with the possibility that surgeons will limit their practice to the less complex procedures and overlook patients suitable for surgery.
The objective of the collaboration was not to transform an LV center into an HV center; the tertiary centers still have different roles: they have often to perform complex cases and to be available according to the patient's choice. Our proposed goal was to pragmatically improve the HPB results in the LV center in accordance with health organization, costs, and patient features.
CONCLUSIONS
We found that the model of partnership reported was effective and safe in improving postoperative results of an LV center for HPB surgery to a level comparative with the HV centers, even if management of postoperative complications can be a possible weak point of this policy, and had positive aspects for surgeons and other medical staff at both the LV and HV centers, as well as for patients. As previously reported by an expert HPB surgeon in Annals of Surgery, "to the hungry do not give fish, but teach fishing," a policy of true cooperation and teaching with clear aims and mutual confidence should be the goal to further improve outcomes for patients undergoing HPB procedures. 18 
DISCUSSANTS A. Olah (Györ, Hungary):
I would like to thank the association for the opportunity to comment on this article. As Tolstoy, the great Russian author, writes in Anna Karenina: "All happy families are alike; each unhappy family is unhappy in its own way." Could we translate this for surgery to "mutatis mutandis"-all successful hepatobiliary surgeries are alike; each failed case is rooted in its own mistreatment? Matteo Ravaioli and his coauthors are committed to proving the opposite, as they have hypothesized that the failure rate is due to rarely operating HPB cases and doing this unsupervised.
The authors have conducted an analysis with a properly evaluated data set, which compares HV and LV HPB surgery centers, wherein the former is interacting with the latter in a tutorial way. The authors' overall conclusion is that the model of partnership was effective and safe in improving the postoperative results of the LV center. This is a statement, rather than a conclusion, which we can accept, but not without reservations.
First of all, the LV center of Rimini is not as low in volume as one can expect, at least considering their hepatic resection numbers, which amount to more than 20 cases per year (2009-2012). There is a problem with the compared workloads between the 2 periods investigated. The annual performance for liver procedures, before and during the partnership, respectively, was less than 10 versus more than 20. The same ratio of 2 to 1 is also present in pancreatic procedures. Obviously, the increasing number of cases resulted in an increasing experience of the LV center staff.
What would you consider as the bottom line, or should I say, upper line for real LV centers? When one speaks of limitations, what is the minimum for these kinds of procedures, which can be measured by the surgical quality outcome?
Clearly, the technical details are inferior to the outcome determinants of "surgical decision-making." The good old Kocher rule is omnipresent and proven again by your study-the real surgeon is the one who knows when not to operate. A more precise patient selection (fewer unnecessary operations, excluded cases with a poor prognosis, etc) played an important role in the improvement of your results. However, this knowledge does not require an itinerant surgeon.
Surgical techniques, which require haemostatic and tissue handling/cutting tools, have significantly changed recently. Did you take the role of these new electric cutting devices into consideration, with regard to the change of outcomes over this 6-year span?
Another crucial point is the management of late complications, especially in cases of pancreatic surgery, which requires an experienced team of interventional radiologists. Considering this problem, the following question is justified: why not limit the partnership to include only liver cases?
Finally, while congratulating you on this excellent analysis, one cannot resist wondering how it is to be in the patient's shoes? In which would you want to be treated? The core question is the following: should we expand and promote the centralization of these special surgical cases, or is this partnership model an optimal solution? Could you please comment on this briefly?
Response From M. Ravaioli, A. D. Pinna (Bologna, Italy):
Thank you for your questions. To answer the first one, which was related to the number that defines an LV or an HV center: personally, I believe that a number is not enough-10, 20, 30. It is not the way to face this problem, as you can perform 20 or 30 simple liver resections and this does not make you an HV center. With regard to your comments, you said that there are many aspects of the problem to take into consideration, such as the preoperative evaluation and not only the surgical technique or the postoperative management. So, I think that it is not possible to come up with a specific number because there are many aspects to take into account. I do agree with you that the Rimini hospital is large, performs many HPB cases, and that if it wasn't a big hospital, we would not have started this partnership. We principally started it because it had experienced surgeons in general surgery, interventional radiologists, and an intensive care unit. The number of cases they performed before the partnership was quite high, but at the same time, the results weren't as positive as one would hope, as the mortality rate was high. After the partnership, however, the postoperative mortality and the 6-month mortality were significantly reduced.
Concerning the surgical technique, I did not present the instrument in my slides. However, before starting the partnership, we created the same conditions at the HV hospital. In other words, we had the same retractor, ultrasound, and harmonic scalpel, performing the procedure with the same instruments at the LV hospital.
Regarding the possibility of establishing a partnership for only liver procedures and not pancreatic ones, this may be a possible conclusion to draw from our results. To focus on this weakness, pancreatic outcomes were comparable between the LV and HV centers after only 2 years of collaboration. However, after those 2 years, the mortality rate was less than 3%, as seen in centers with a high volume of pancreatic resections. According to the patient information, they knew about the partnership and this type of collaboration and they were left to decide whether they wanted to be operated at the HV or LV center. Some of the patients chose to move to the HV center if the procedure was too complex. Overall, most of the patients were very satisfied with this collaboration because they felt that they were treated better. Similarly, the families of the patients found that the management during the postoperative period was much better. This is important, as sometimes it is easier to discharge a patient from the local hospital, when their family can directly assist them afterwards.
DISCUSSANTS E. Tiret (Paris, France):
Thank you very much for your comments. I would like to know how this partnership could be applied to a real-life scenario. Could you please give me an example?
Response From M. Ravaioli, A. D. Pinna (Bologna, Italy):
Well, at the LV center, the surgical staff would initially assess the patient, after which they would contact the surgeon at the HV center and describe the case and sometimes send the CT scan by mail. If the case was too complex, a conference call would also be arranged, together with the hepatogastroenterologist, to decide on the best procedure and plan the operation. On the day of the operation, the surgeon from the HV center would go to the LV center and perform the operation with the local staff. In most of the cases, the HV center surgeon personally performed the operation. But, sometimes he also assisted the local staff if the operation was easier. Afterwards, in the postoperative period, the staff would contact the HV center surgeon to describe the outcome of the surgery, and in most of the cases, this was without complications. However, in case of complications, such as infection, the HV center surgeon and the LV radiologist would discuss how this type of complication is to be treated. The reoperation would also be performed by the HV surgeon at the LV center.
DISCUSSANTS E. Barroso (Lisbon, Portugal):
Thank you. Unfortunately, I was a little bit disappointed because I see this partnership as a lack of courage to do the right thing. We need to put the patients first and the ego of the surgeons second. An HV center does not only pose a surgical issue, but also one of a multidisciplinary approach, which is not possible to reproduce in other hospitals. You need scrub nurses, dedicated anesthesiologists, intensive care staff, and radiologists altogether to discuss the cases. I recommend reading the "Precision Liver Surgery" paper, written by Professor Dong in China, because everything can be found there.
This partnership means only doing half of what is right. When I accept surgeons from other centers to work with me, I tell them that it is not possible, after 4 months, to go to another hospital and try to do the same thing as they have been doing with me. This is forbidden. If they cannot accept this, then they cannot come to my center.
Response From M. Ravaioli, A. D. Pinna (Bologna, Italy):
Well, I definitely agree with you that the results can be good after a hepatobiliary procedure when a multidisciplinary approach is adopted, as it was in the hospital of Rimini. This is why we chose Rimini as the LV center for this partnership. It is a hospital where expert hepatogastroenterologists are present; there are good interventional radiologists and a good intensive care unit.
One may ask oneself why the hospital of Rimini could not become an HV center. You would need to consider that the number of HPB cases at this hospital were 80 per year, which is not very high. You could choose a different center. I am not against the choice of the centralization of the cases. In fact, I come from an HV center, so I can also defend this position. I have only tried to demonstrate that this type of collaboration, applied in selected hospitals, with a high volume of activity and high expertise, may really improve results.
DISCUSSANTS

P. A. Clavien (Zurich, Switzerland):
First, I would like to congratulate you on this excellent presentation. This is a very timely topic. Collaboration among various surgical institutions is becoming a necessity in most health care systems to secure appropriate referrals and cost-effective delivery of surgery. Regardless of the health care system or strategy used for the flow of patients, our task is to secure good outcomes. I have 2 questions. First, you have shown that it takes up to 2 years to acquire acceptable results in the LV center. This is a long time, during which complications and even death may occur. My question to you is whether you have a way of preventing this relatively long, 2-year learning curve? Could there be better coaching for these cases, which could be useful to abrogate this serious drawback of your partnership network? My second question has to do with the implicated costs. One advantage, which we have drawn from data available in HV centers, is the prevention of treating easier cases in high-cost institutions. In your system, shifting cases to LV centers may potentially decrease the overall cost of this population of patients. In other words, did you look at the cost-effectiveness of this type of partnership, which would convince governments and insurance companies to follow you in this direction? which cost the same as the simple procedures. However, this cost analysis will be contained in another study, which we will perform.
DISCUSSANTS H. Bismuth (Villejuif, France):
I will come back to what Dr Barroso previously said. I think that HPB patients require more multidisciplinary care and the surgeon alone is rarely sufficient, in this respect. As a next step, I would recommend exchanging the patients and not the surgeons. In other words, you should ask the LV center to send you the complex patients, and in return, you will send to them your simple cases. For instance, you would give them the cholecystectomy cases and they would give you their liver surgeries. This may be more efficient. Then, once you have finished with this, compare the results of your study with the new one.
